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Thirty patients with stable exertional angina undergoing
percutaneous transluminal coronary angioplasty of an
isolated obstructive lesion of the proximal left anterior
descending artery were prospectively evaluated to in-
vestigate the relation between angina induced by balloon
inflation and the quantity and severity of myocardial
ischemia as determined by electrocardiographic (ECG)
monitoring and by echocardiographic assessment of re-
gional and global lett ventricular wall motion. Anginal
pain interviews, continuous two-dimensional echocar-
diographic recordings and 12 lead ECG recordings at
to second intervals were obtained for the first two in-
flation sequences.
Seventeen patients had angina with both inflations
(symptomatic group), seven patients had no angina or
related symptoms during either inflation (asymptomatic
group) and six patients had both painful and painless
inflations (mixed response group). Comparison of the
three groups revealed that they did not differ in mean
It is now recognized that myocardial ischemia not accom-
panied by chest pain or related symptoms occurs frequently
in patient s with coronary artery disease (1-4). This syn-
drome , termed "silent myocardial ischemia, " is defined as
objective evidence of myocardial ischemia without accom-
panying angina pectori s or its equiv alent s (5 ,6).
Investigations into the mechanisms and characteristics of
silent ischemia have resulted in variou s theories to account
for the absence of cardiac pain . One explanation (7 ,8) relates
this phenomenon to the duration and severity of ischemia.
with the suggestion that the symptomatic episodes might be
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age, sex distribution, prior history of angina or the in-
cidence of comorbid conditions. Echocardiographic
measurements of global and regional left ventricular dys-
function during balloon inflation were comparable in the
symptomatic and asymptomatic groups. Similarly, there
were no significant differences in the time to onset or
magnitude of ST segment changes. The results of the wall
motion and ECG studies in the mixed response group
paralleled the results in the symptomatic and asymp-
tomatic groups, with no significant differences in any of
the variables measured between the painful and painless
inflations.
These data demonstrate that silent myocardial isch-
emia occurs in an appreciable proportion of patients
during coronary angioplasty and the absence of angina
does not imply that a lesser amount of myocardium is
jeopardized than with painful inflations.
(J Am Coll CardioI1987;lO:491-8)
associated with longer duration of ischemia and more severe
left ventricular dysfunction. Other data (9,10) raise the pos-
sibility that the presence or absence of angina may be related
to the individual patient's pain threshold , with a generalized
hyposen sitivity to painful stimuli being one of the factor s
involved in the genesis of silent ischemia.
Balloon inflation performed during percutaneous trans-
luminal coronary angioplasty causes transient total coronary
artery occlu sion and thus provides a unique opportunity to
evaluate the relation between the mechanical, electrical and
symptomatic manifestations of transient ischemia. In this
study. we evaluated 30 patients with coronary artery disease
undergoing coronary angioplasty. The specific objectives of
this study were: I) to investigate the relation between angina
induced by balloon inflation and the quantity and severity
of myocardial ischemia as determined by electrocardio-
graphic (ECG) monitoring and echocardiographic assess-
ment of regional and global left ventricular wall motion;
and 2) to identify factors associated with painful and painless
ischemia.
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Methods
Study patients. We prospectively studied 36 patients
undergoing coronary angioplasty for treatment of angina
pectoris. The following inclusion criteria were used: I) doc-
umented stable typical exertional angina with provocation
of chest pain and ischemic ST segment depression on tread-
mill exercise testing; 2) an isolated obstructive lesion (2:70%
diameter reduction) of the left anterior descending coronary
artery, proximal to the first major septal branch; 3) normal
baseline regional and global left ventricular systolic func-
tion; 4) no angiographically visible collateral vessels; 5) no
history of myocardial infarction; and 6) no conduction dis-
turbances or ST segment abnormalities on the ECG that
would preclude assessment of ischemia. Four patients were
excluded from the study because the echocardiogram did
not provide clear definition of the endocardial surface and
two additional patients were excluded because of failure to
cross the stenosis with the balloon dilation catheter.
Patients were interviewed and medical records were ana-
lyzed to obtain information regarding status of angina before
angioplasty and the presence of comorbid conditions. Pa-
tients were listed as having diabetes if they were receiving
pharmacologic therapy for diabetes and were listed as having
systemic hypertension if their diastolic blood pressure was
2:90 mm Bg or if they were on specific antihypertensive
therapy that controlled their blood pressure. Patients were
considered to be cigarette smokers if they had a >30 pack-
year smoking history and if they had not discontinued smok-
ing >6 months before the angioplasty procedure.
Angioplasty protocol. Aspirin (325 mg orally) was given
the night before the procedure. Diltiazem (90 mg), diazepam
(10 mg) and diphenhydramine (50 mg) were given I hour
before the procedure as oral premedication. Heparin (10,000
IV) was given intravenously after arterial access was ob-
tained. Before insertion of catheters, a bolus of nitroglycerin
(200 JLg) was administered intravenously, followed by a
continuous intravenous infusion of nitroglycerin at a dose
of I to 1.5 JLg/kg per min.
Angioplasty was performed with balloon catheters and
steerable guide wires of various sizes, with balloon diameter
chosen on the basis of estimates of the normal luminal
diameter of the vessel in question. An initial balloon infla-
tion of short duration (5 to 10 seconds) was performed to
document proper positioning and to achieve sufficient di-
lation of the target lesion so as to prevent obstruction of the
artery by the deflated balloon catheter. Each subsequent
balloon inflation was maintained for 45 to 90 seconds at
pressures of 6 to i2 atm. Fluoroscopic evidence of balloon
inflation and subsequent deflation was used to time the du-
ration of balloon occlusion. A minimum of 120 seconds for
reperfusion was provided between each inflation. Successful
angioplasty was defined as reduction in size of the lesion
to :550% of the luminal diameter.
Anginal pain assessment. Patients were questioned about
the presence of angina at 15 second intervals during the
inflation-deflation sequence. Chest discomfort was consid-
ered to be angina if it simulated the patient's typical exer-
tional pain symptoms. Patients were also queried about the
presence of "angina equivalent" symptoms, such as jaw or
arm pain or dyspnea.
Echocardiography. Two-dimensional echocardiograms
were performed using a Hewlett-Packard phased-array sec-
tor scanner with a 2.5 MHz transducer. The apical long-
Figure 1. Quantitative analysis of two-
dimensional echocardiographic imaging
of regional wall motion. A, Endocardial
contours from echocardiographic record-
ing at baseline, preinflation; 100 equidis-
tant chords are constructed perpendicular
to the centerline and numbered counter-
clockwise from the anterior aortic valve
(left). A chord-shortening plot is gener-
ated with wall motion plotted in dimen-
sionless chord-shortening fraction values
(right). B, Mean ± 2 SD chord short-
ening is calculated during the baseline pe-
riod and 95% tolerance limits for normal
wait motion are established for each pa-
tient (right). ED = end-diastolic; ES =
end-systolic.
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axis echocardiographic projection was employed to obtain
optimal imaging of myocardial segments at risk from oc-
clusion of the left anterior descending artery, that is, the
apical and septal segments. Using a computer-based video
digitizing system, end-diastolic and end-systolic frames of
single beats at intervals of :510 seconds throughout the
inflation-deflation sequence were selected and endocardial
outlines were traced. End-diastole was defined as the frame
with the largest left ventricular cavity area after the R wave
of the ECG and before the initial inward motion of the
nonischemic segments. End-systole was taken as the frame
with the smallest area. Echocardiographic analysis was per-
formed by an experienced operator who was unawareof the
clinical status of the patients.
A centerline method (11), modified for quantitativeanal-
ysis of two-dimensional echocardiographic imaging of re-
gional left ventricular wall motion, was used. With this
computerized method. wall motion is measured along 100
equidistant chords perpendicular to a centerline constructed
automatically midway between the end-diastolic and end-
systolic contours (Fig. IA). To normalize for heart size, the
lengthof each of these chords is divided by the end-diastolic
perimeter, yielding a dimensionless chord-shortening frac-
tion. A chord-shortening plot is generated in which motion
along each chord is plotted for a given cardiac cycle (Fig.
IA). Our laboratory (12, 13) has previously validated our
two-dimensional echocardiographic measurements of re-
gional wall motion using this modification of the centerline
method.
Analysis of wall motion . To provide a reference pattern
that can serve objectively as a descriptor of later temporal
behavior of individual endocardial segments, the mean ±
SD chord shortening was calculated for five beats during
the baseline preinflation period and 95% tolerance limits for
normal wall motion were established for each patient (Fig.
IB). This functional map of the normal range of chord
shortening was then used for comparison with values ob-
tained during balloon inflation. For each of the beats ana-
lyzed during the inflation-deflation sequence, the computer
displayed and summed the area of chord shortening lying
outside the 2 SD reference boundary. The area outside the
reference boundary. representing the extent and degree of
dysfunction at a given time point. is indicated by the shaded
area on the functional map (Fig. 2A and B). The areas from
each beat were then plotted as separate points on a curve
expressing a time-area index of regional left ventricular
dysfunction. defining the net abnormal segmental behavior
of the ventricle (Fig. 2C). Thus, the abnormally reduced
regional functional variables during balloon inflation were
expressed as: I) the time-area index of regional left ven-
tricular dysfunction (in chord-shortening fraction units-sec-
onds). and 2) the magnitude of peak dysfunction (in chord
shortening fraction units) (Fig. 3). Two time variables. the
time to onset of regional dysfunction and the time to peak
dysfunction were also employed in assessing the regional
wall motion abnormalities.
Ejectionfra ction . Global left ventricularejectionfraction
was calculated from the two-dimensional echocardiographic
data by applying the single plane area-length formula, as
described by Sandler and Dodge (14) for analysis of contrast
left ventriculograms. Ejection fraction determinations were
made before each inflation, as baseline measurements. and
at 45 seconds into the inflation sequepce.
Electrocardiography. Standard 12 lead ECGs were re-
corded on a Hewlett-Packard automatic three-channel ma-
chine. at 10 second intervals during balloon inflation. An
ischemic response was defined as 2::1.0 mm of ST segment
deviation, measured 80 ms after the J point. The time to
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Figure 2. Regional wall motion ab-
normalities during balloon inflation in
the left anterior descendin g artery of
a patient from the asymptomatic group.
A, Endocardial contours from echo-
cardiographic recording at 30 seconds
into the balloon inflation sequence. The
computer displays and sums the area
of chord shorten ing lying outside the
2 SD reference boundary . The area
outside the reference boundary is in-
dicated by the shaded area on the
functional map. B, Endocardial con-
tours and chord-shortening plot at 60
seconds into' inflation period . The area
of dysfunction is indicated by the
shaded area. C, The areas of dys-
function from each beat are plotted as
separate points on a curve expressing
a time-are a index of left ventricular
dysfunction .
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was used to test the hypothesis that the symptomatic and
asymptomatic groups had equal proportions of certain char-
acteristics, as in diabetes. A Mann-Whitney rank sum test
was employed to compare the echocardiographic and ECG
variables between the symptomatic and asymptomatic groups.
A signed rank test was used to compare the data from the
inflation associated with angina with the data from the in-
flation without angina for the group that had both painful
and painless inflations.
Results
Coronary angioplasty. Angioplasty was successful in
all 30 study patients. Coronary stenosis was reduced from
83 ± 10 to 21 ± 13%. All procedures were free of com-
plications, with no ECG or enzymatic evidence of myo-
cardial infarction. All patients were awake and alert during
the procedure and received no intraprocedural sedatives or
analgesics.
Frequency of angina during balloon inflations. An-
ginal pain interviews were performed during the first and
second balloon inflation sequences, after the initial brief test
inflation. Seventeen patients had angina with both inflations
(symptomatic group), seven patients had no angina or re-
lated symptoms duringeither inflation (asymptomatic group)
and six patients had both painful and painless inflations
(mixed response group). Three patients in the mixed re-
sponse group had angina during the first inflation , and three
had symptoms only during the second inflation. The mean
time of onset of angina in the inflations associated with
symptoms was 34 ± II seconds.
Characteristics of subjects (Table 1). The three groups
of subjects (symptomatic, asymptomatic. mixed response)
did not differ in mean age, sex distribution, prior history
of angina or incidence of comorbid conditions. The mean
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onset of ST segment displacement and the magnitude of
peak ST segment displacement were recorded for each in-
flation analyzed.
Statistical methods. All continuous variables are pre-
sented as mean values ± SO. Statistical significance was
defined as a probability (p) value <0.05. Fisher's exact test
Figure 3. Time course and quantitative aspects of regional left
ventricular dysfunction during balloon inflation in a patient from
the symptomatic group. The dysfunctional area measured for each
beat analyzed is plotted against balloon inflation time and the total
dysfunctional area (chord-shortening area-time units) calculated.
AI is the summed dysfunctional area from the beginning of dys-
function until balloon deflation. A2 is the summed dysfunctional
area from deflation until return to baseline levels. P = the mag-
nitude of peak dysfunction; tl , t2 and tP = times toonset, recovery
of and peak dysfunction, respectively.
Table 1. Clinical Characteristics of 30 Patients
Symptomatic Asymptomatic Mixed Response
(n = 17) (n = 7) (n = 6)
Patient characteristics
Mean age (yr) 60 :!: 8 60 :!: 7 63 :!: 7
% Male 7 1 7 1 67
Angina preangioplasty
Class II (%)* 24 14 17
Class J1I-IV (%)* 76 86 83
Comorbid conditions (%)
Diabetes 24 29 17
Hypertension 65 7 1 67
Cigarette smoking 59 57 67
Angioplasty variables
Mean duration of inflation (seconds) 62 :!: 8 62 :!: 6 64 :!: 6
Mean interva l between inflations 139 :!: 18 133 :!: 13 129 :!: 9
(seconds )
*Canadian Card iovascular Society grading of angina (15). Mean values are :!: SO. Differences among
groups were not significant.
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Table 2. Echocardiographic Data in 30 Patients
Symptomatic Asymptomatic
Mixed Response Group (n = 6)
Group Group Inflations Inflations
(n = 17) (n = 7) P Value* With Angina Without Angina p Valuet
Magnitude of peak 145 ± 19 137 ± 20 NS 135 ± 10 138 ± 13 NS
dysfunction (CSU)
Time-area index of LV 459 ± 53 432 ± 67 NS 434 ± 4\ 440 ± 29 NS
dysfunction (CSU-s)
Time to onset of regional 9.9 ± 0.7 9.8 ± 1.2 NS 9.8 ± 0.4 9.3 ± 1.0 NS
dysfunction (seconds)
Time to peak dysfunction 30 ± 8 32 ± 7 NS 33 ± 7 34 ± 9 NS
(seconds)
LVEF
Baseline (%) 63 ± 5 61 ± 4 NS 63 ± 3 63 ± 3 NS
45 Seconds (%J 35 ± I 37 ± 3 NS 36 ± 2 37 ± 3 NS
*Refers to symptomatic group versus asymptomatic group. tRefers to inflations with angina versus inflations without angina. Values are mean value
± SD. CSU = chord-shortening fraction units; LV = left ventricular; LVEF = left ventricular ejection fraction; NS = not significant (>0.05.).
duration of each balloon inflation was similar for each group
(62 ± 8 versus 62 ± 6 versus 64 ± 6, respectively), and
there were no differences in the mean interval between in-
flations. The infusion rates of intravenous nitroglycerin in
the three groups were similar and did not change from the
first to the second inflation in the mixed response group.
Echocardiographic findings (Table 2). Continuous two-
dimensional echocardiographic recordings were obtained
during the first and second complete balloon inflation-de-
flation sequences. All patients had normal baseline regional
chord-shortening values, as compared with values in normal
control subjects (12).
Echocardiographic data from each inflation were ana-
lyzed to determine the magnitude of peak dysfunction and
the time-area index of left ventricular dysfunction in the
region of myocardium rendered ischemic during balloon
inflation, These measurements were comparable in the
symptomatic and asymptomatic patients (Fig, 4), Moreover,
no significant differences were observed in the time to onset
of regional dysfunction (9.9 ± 0.7 seconds in the symp-
tomatic group versus 9.8 ± 1.2 seconds in the asymptomatic
group) nor in the time to peak dysfunction (30 ± 8 versus
32 ± 7 seconds).
The symptomatic and asymptomatic subjects showed
similar decreases in global left ventricular ejection fraction
during balloon inflation (Fig. 5). Ejection fraction declined
Figure 4. Comparison of regional dysfunction variables in the
symptomatic and asymptomatic groups. Brackets represent ± I
SO. There were no differences between the groups in the time-
area index of left ventricular (LV) dysfunction or the magnitude
of peak dysfunction.
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Figure 5. Comparison of global left ventricular ejection fraction
responses to balloon inflation in the symptomatic and asympto-
matic groups. Brackets represent ± I SO. There were no differ-
ences between the groups in ejection fraction values at baseline
or at 45 seconds into inflation.
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Table 3. Electrocardiographic Data in 24 Patients
Symptomatic
Group (n = 17)
Asymptomatic
Group (0 = 7) p Value
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Time to onset of ST segment
displacement (seconds)
Magnitude of peak ST
displacement (mm)
22 ± 8
3.1 ± 2.0
24 ± 6
2.8 ± 1.8
NS
NS
Values are mean values ± SO. NS = not significant (>0.05).
from 63 ± 5% at baseline to 35 ± 1% at 45 seconds into
inflation in the symptomatic group, and from 61 ± 4 to 37
± 3% in the asymptomatic group.
Regional and global left ventricular responses to balloon
inflation in the mixed response group paralleled those in the
symptomatic and asymptomatic groups. That is, there were
no significant differences in any of the variables measured
between the inflations with and without associated angina.
ECG findings (Table 3). Fifteen (88%) of the 17 symp-
tomatic patients and 6 (86%) of the 7 in the asymptomatic
group had ECG evidence of ischemia during balloon infla-
tion. In each patient with ST segment changes on the 12
lead ECG there was ST elevation in the precordial leads.
In those subjects with evident ECG changes, the time to
onset of ST segment displacement was 22 ± 8 seconds in
the symptomatic group and 24 ± 6 seconds in the asymp-
tomatic group (p = NS). Similarly, there were no significant
differences in the magnitude of peak ST segment displace-
ment (3.1 ± 2.0 versus 2.8 ± 1.8 mm).
The ECG data from the mixed response group yielded
no significant differences between the inflations with and
without angina. All six patients had ischemic ST segment
changes noted with both inflations. The time to onset of ST
displacement was 20 ± 6 seconds for the inflations with
angina and 22 ± 7 seconds for the inflations without angina.
The magnitude of peak ST displacement was 2.9 ± 1.1
versus 3.2 ± 1.5 mm.
Discussion
Our results demonstrate that silent myocardial ischemia
occurs in an appreciable proportion of patients during tran-
sient occlusion of the coronary artery with coronary angio-
plasty, and that the absence of anginal pain during balloon
inflation does not imply that the amount of myocardium in
jeopardy or the severity of left ventricular dysfunction are
less than with painful inflations. Seven (23%) of our 30
subjects undergoing coronary angioplasty of a stenosis in
the proximal left anterior descending artery had no angina
or related symptoms during balloon occlusion of the artery ,
notwithstanding that all had established typical exertional
angina symptoms immediately before angioplasty. An ad-
ditional six patients (20%) reported angina with one inflation
but had no symptoms with the other inflation. Echocardio-
graphic assessment of regional and global left ventricular
functional responses to balloon inflation revealed no dif-
ferences among the symptomatic, asymptomatic and mixed
response groups. Comparison of ECG recordings during
inflations also showed no significant differences. The groups
were shown to be similar statistically with respect to their
clinical history and incidence of comorbid conditions.
Prevalence of silent ischemia. Clinical management of
patients with coronary artery disease has, traditionally, fo-
cused on the assessment and monitoring of anginal symp-
toms. Available evidence suggests, however, that chest pain
is an insensitive indicator of the true frequency of transient
myocardial ischemia (1-4) and that the severity of angina
has no association with prognosis (16). Ambulatory ECG
studies (1-3) in patients with stable effort angina have doc-
umented that approximately 80% of the episodes of transient
myocardial ischemia in such patients occur without accom-
panying symptoms. We did not obtain ambulatory ECG
recordings in our patients before their angioplasty proce-
dures.
Mechanisms responsible for silent myocardial isch-
emia. Why angina is present or absent during episodes of
myocardial ischemia is not well understood. Potential mech-
anisms of silent ischemia include: a subthreshold quantity
of myocardium at risk, an inadequate duration of ischemia,
an insufficient magnitude of ischemic insult, a defect in pain
transmission or a blunted perception of pain (17). Silent
ischemia may result if one or more of these elements is
present.
Data from the study of Chierchia et al. (7) suggest that
asymptomatic ischemic episodes involve smaller amounts
of myocardium than do painful episodes. They studied 14
patients with continuous ECG and hemodynamic monitoring
during episodes of painful and painless ischemia. The
asymptomatic episodes were generally shorter and produced
less impairment of left ventricular function. The study of
Cohn et al. (18) yielded different conclusions. Global and
regional left ventricular ejection fraction measurements dur-
ing exercise were obtained in patients with and without
angina. The alterations in global and regional ejection frac-
tion were similar in both groups (silent ischemia and an-
gina), suggesting that the amount of myocardium at jeopardy
is similar in patients with and without silent ischemia. Droste
and Roskamm (9,10) concluded from their studies of pain
JACC Vol. 10. No.3
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threshold and pain perception that a decreased sensibility to
pain in general best differentiated the patients with asymp-
tomaticmyocardial ischemiafrom the symptomatic patients.
Manifestations of ischemia during coronary angio-
plasty. Coronary angioplasty offers a format for studying
the sequenceof events during acute myocardial ischemia in
humans. Serruys et al. (19) described the time course of
hemodynamic and wall motion changes during acute isch-
emia induced by catheter balloon inflation. The variables
describing kinetics of left ventricular relaxation were the
first to change during inflation-induced acute ischemia, fol-
lowed by those that describe local systolicmechanical func-
tion. Global indexes of systolic or diastolic left ventricular
function such as peak pressure, left ventricularend-diastolic
pressure or systolic pressure change responded later in the
course of the ischemic episode. ECG and clinical obser-
vations during coronary angioplasty (20,21) demonstrated
that the first sign of ischemia was consistently regional left
ventricular asynergy, followed by ECG changes, both of
which invariably preceded the development of angina, which
was the most delayed manifestation of ischemia.
Ischemia related to balloon occlusion is unique, distinct
from the ischemia induced by exercise or by coronary vaso-
spasm, thoughhavingsimilaritiestoeach of these "naturally
occurring" forms of ischemia. As in the case of coronary
occlusion during balloon inflation, acute vasospastic isch-
emia (22) and exercise-stress-induced ischemia (23), both
include an asymptomatic or silent period before the onset
of angina during which left ventricular dysfunction occurs.
Comparison with previous studies. The present study
supplies additional data regarding the temporal pattern of
events during acute ischemia. The onset of regional wall
motion abnormalities at 10 seconds, followed by ECGchanges
at approximately 22 seconds, with the development of an-
gina (in the symptomatic group) at 30 to 40 seconds into
the inflation period, all are similar to the findings in other
studies that employed echocardiographic observations dur-
ing coronary angioplasty (20,21). Silent ischemia was re-
producibly documented in 23% of our patients, with an
additional 20% having both symptomatic and asymptomatic
ischemic episodes with balloon inflation. In the study of
Hauser et al. (20), 50% of the subjects reported no symp-
toms of angina; however, a third of the asymptomatic group
had baseline wall motion abnormalities in the myocardial
region at risk, or had highly collateralized target vessels.
Visser et al. (21) reported that only 33% of their patients
had angina during balloon occlusion; however, the duration
of balloon inflation in their study averagedonly 35 seconds.
Our patientpopulationwas homogeneous from the stand-
point of coronary anatomy and left ventricular function,
whereasother studies (19-21) includedsubjects with preex-
isting left ventricular dysfunction or multivessel coronary
disease, or both. We selected patients with isolated single
vessel disease so that global left ventricular function would
not be influenced by potentially ischemic myocardium in
the distribution of arteries not undergoing dilation. Only
patients with stenosis of the left anterior descending artery
were entered in our study, so as to avoid potential problems
with echocardiographic detection of wall motion abnor-
malities in the inferior or posterobasal segments (24).
Recent work by Cohen and Rentrop (25) suggested that
acute recruitment of collateral circulation may afford pro-
tection against ischemic dysfunction in the region at risk
during balloon occlusion of the coronary artery, There was
a significant correlation between the grade of collateral fill-
ing during inflation and the magnitudeof the ischemic man-
ifestations. Specifically, the development of anginal pain
during inflation was related to the quantity of collateral
circulation. In our study, patients were included for eval-
uation only if no collateral vessels were visible on the pre-
procedure angiogram. We did not perform angiography of
the contralateral coronary arteryduring ballooninflation and
thus no direct information is available regarding the char-
acteristics of the collateral circulation during balloon oc-
clusion.
Clinical implications. This studyconfirmsthe existence
of silent myocardial ischemic events in yet another clinical
context: balloon occlusion of the coronary artery during
percutaneous transluminal coronary angioplasty. These ob-
servations not only have bearing on the mechanisms that
maybe responsible for silent ischemiabut also havepractical
therapeutic implications for the practice of coronary angio-
plasty. The practitioner of angioplasty should not be lulled
into a false sense of security regarding the ischemic con-
sequences of balloon inflation in a patient who reports no
symptoms. Additionally, because so many of the ischemic
episodesduringcoronaryangioplasty are not associatedwith
angina, judging the efficacy of anti-ischemia intervention
in these patients on the basis of their symptoms may be
erroneous.
For those endeavoring to fathom the mysteries of silent
ischemia, these data perhaps provide more questions than
answers. Certainly, this study implies that the extent and
severityof ischemic left ventriculardysfunction are not the
sole determinants of chest pain. On the other hand, the fact
that identical episodes of ischemia in the same patient may
be silent at one time and symptomatic at another suggests
that factors other than variations in pain threshold may be
involved in the mechanisms of silent myocardial ischemia.
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